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INTRODUCTION

Cccupant (or occupancy) sensors have been used to control |ights
for a nunber of years, yet problenms with m sapplication and

i nproper installation still exist. GOccupant sensors can be viable
energy savers if the correct product selection is nade. Proper
design, installation and foll owup adjustnent are essential to
achieving an effective lighting sensor program |If the sensor
design and pl acenent are well thought out, it is nuch less likely
that conplaints will occur, thus also less |ikely that the sensors
wi |l be disabled.

TYPICAL USES

Cccupant sensors (O S.) have been used primarily to control

i ncandescent lighting in residences and fluorescent lighting in
commercial buildings. Sone O S. are available to control high
intensity discharge (H D) lighting and heating, ventilating and
air conditioning (HVAC) systens. The advantages of incorporating
occupant sensors into a lighting system i ncl ude:

savi ng ener gy

m ni m zi ng heat output fromlighting, putting I ess |oad on
t he HVAC system

prolonging the life of |anps and ball asts

Representative energy savings are described in the table bel ow

Type of Room Ener gy Savi ngs
Private Ofice 13-50%
Open Plan Ofice 20-28%
Cl assroom 40- 46%
Conf erence Room 22-65%
Rest Room 30- 90%
Corridors 30-80%
St orage Area/ C oset 45- 80%

Source: Advanced Lighting CGuidelines, U S EPA



O. S. are viable energy savers primarily where human occupancy is
intermttent. In |large open plan office area where people are
expected to be novi ng about continuously throughout the day,

j udi ci ous use of occupant sensors is paranmount. Applying OS. in
cl assroons, offices, restroons, warehouses, hangars, and equi pnent
and storage roons will save energy by turning off |ights when no
human presence is detected. This paper addresses the avail abl e

t echnol ogi es and sel ection factors for occupant sensors in
abbreviated form Mre detailed O S. application guidance is
included in the references |listed at the end of this paper.

SENSOR TECHNOLOGIES

The two prinmary technol ogi es used to detect occupancy are
ultrasonic and passive infrared (PIR) enployed singly or with each
other in a dual -technol ogy sensor. O her dual -technol ogy sensors
are al so available that conmbine PIR with active sound detection.

ULTRASONI C SENSORS

Emt ultrasonic radiation (high-frequency sound) to sense
occupants in an area. Frequency range of operation is between 20
and 28 kHz. They are nost sensitive to notion toward and away
fromsensor. An ultrasonic sensor is volunetric, neaning it
floods the area within its coverage pattern. This allows it to
detect notion behind partitions and around obstructions. Any
nmovi ng object within its coverage area wll disturb the sound wave
pattern, creating a Doppler shift and altering the signa

returning to the sensor. False activation may occur from

vi bration, air novenent, high sound |evels, and audi bl e sounds
havi ng ultrasoni c conponents. U trasonic sensors have sensitivity
adjustnments to mnimze environmental effects. Reducing
sensitivity will also reduce the coverage area. |If ultrasonic
sensors are nounted close to each other, they nust operate at
different frequencies to avoid interfering with each other.

PASSI VE | NFRARED SENSCRS

PIR O S. are sensitive to body heat and work best when the person
IS noving across the sensor pattern. PIR sensors are available to
generate specific patterns of coverage: fan shaped pattern for
smal l er areas (private offices), 360 degree pattern for |arge
areas (open plan offices), and Iong narrow pattern for areas such
as hallways. Lenses may also be field nodified to mask part of
its sensor’s viewng area to avoid a heat generating device or to
avoi d an area having novenent that is not intended to trigger the



sensor. PIR sensors have sonme dead spots primarily at |ong

di stances fromthe sensor. Because it is sensitive to body heat,
the infrared OS. is also sensitive to any rapid fluctuations in
tenperature within its field of view Be sure no rapidly changing
heat sources are in the area where the infrared OS. is to be
used. Solar heating of glass and netal surfaces can cause
unwant ed sensor activation. The sensor can be blinded by the sun
shining directly on it. For optimmeffectiveness, use PIR
sensors in areas having no obstructions to occupant novenent,
since it is a |line-of-sight device.

DUAL- TECHNOLOGY SENSCRS

Conmbi ne infrared and ultrasonic technologies into a single

housi ng. Dual -technol ogy sensors are good for areas where a
single technology OS. has difficulty detecting human novenent and
where one or the other technology is prone to false activation.

Al t hough ultrasonic and PIR technol ogi es remai n predom nant for
occupant sensing, a relatively new dual technol ogy sensor is now
on the market. This device conbines PIRwith an active |istening
system After the PIR detects soneone entering the area, the

m crophoni cs take over. Lighting remains on as long as sound is
detected, even though the PIR device is not triggered. This
sensor’s applications include office spaces wi th cubicles,
conference roons and | arge restroons and shower areas.

CAUTI ON AGAI NST USE OF | NTRUSI ON DETECTI ON SENSORS

Wil e intrusion detection system (I1DS) sensors utilize the sanme
technologies as lighting control sensors, |IDS sensors are normally
not conpatible with [ighting control systens. |[|DS sensors are
typically not rated for the |oad sw tching that acconpanies
l[ighting circuit activation. Even though m crowave notion sensors
exi st for security system applications, do not use themfor
occupant detection since mcrowaves pass through nost buil di ng
materials and will detect novenent beyond the desired coverage
area. For best results, enploy OS. that are designed
specifically for lighting (or HVAC) control.

MOUNTING METHODS

Sensors are designed for nounting as |light switch repl acenents,
for ceiling nounting, or for wall nounting. Portable plugstrip
units are available, as are units for controlling systens
furniture lighting.



LI GAT SW TCH REPLACEMENT

Direct replacenment of a wall nmounted light swwtch with a PIR O S.
will likely only be acceptable in smaller roons where no
partitions obstruct the sensor’s view of the room s occupants’
novenents. These wall switch replacenment units typically are
rated to control only the lighting fixtures connected to the
switch. To avoid false activation, manual turn-on, automatic
turn-off is recoomended. |In private offices, this would preclude
activation by soneone just dropping off mail, plans, etc. WMnual
turn-on is also beneficial where avail able daylight allows the

el ectrical lighting systemto remain off for several hours at a
tinme.

CEl LI NG MOUNT

These units are available in infrared, ultrasonic, and dual -
technology. Use for large area coverage and roons with partitions
and ot her obstructions. Ceiling nmounted O S. connect to lighting
systemthrough transforners and relays to operate a | arge nunber
of lighting fixtures on nultiple circuits.

WALL MOUNT

These units should be nounted hi gh enough up on the wall to ensure
desired coverage in the presence of systens furniture and file
cabinets. Be sure the sun does not shine on them and be sure they
are not focused on objects that can change tenperature rapidly.
SYSTEMS FURNI TURE AND PLUGSTRI P UNI TS

More and nore adm nistration buildings are being designed with

| oner general lighting levels and relying on individual
office/cubicle lighting. Typically, general illumnation |evels
are now 3 lux (30 fc) versus 5 lux (50 fc). Individual

of fice/cubicle lighting supplenents general illumnation with the

anmount of |ight needed by the occupant. Sone systens furniture
suppliers are integrating occupant sensors into their offerings.
Plugstrip occupant sensors can be enployed in existing office
setups or with new systens furniture that does not incorporate
O S. into their product line.

PROPER O.S. LOCATION

| nproper location is the nost significant factor in O S
m sapplication. Locate sensor so that it will not detect novenent



outside the desired coverage area through an open doorway. |In
many cases, wall switch replacenent O S. are ineffective because
the existing wall switch location is behind a partition or on the
wong side of a wall, limting notion detection to a very snal
part of the desired coverage area.

COMPATIBILITY

Be sure O S. is designed to control the type of lighting system
you have specified for new projects or for the existing |lighting
systemin a renovation project. Not all sensors will work with
fluorescent | oads having standard or electronic ballasts or with
conpact fluorescent | anps.

RAPI D- START VS | NSTANT START BALLASTS

When extensive use of O S. is planned for a project, the designer
shoul d perform cost analysis on the use of rapid-start versus
instant-start ballasts. Rapid-start ballasts use nore energy due
to lanp cathode heating. For best results, use OS. wth rapid-
start fluorescent ballasts, particularly with short “off” tines
(five mnutes). It is not recommended to use O S. with instant-
start fluorescent ballasts, unless “off” tine is very long (30

m nutes, mninmum, since lanp life will be shortened. Note that
dimm ng el ectronic ballasts use rapid-start circuits. Sone

manuf acturers indicate that their fluorescent |anps, electronic
bal | asts and occupant sensors are “systemrated.” Check the
conpatibility of conponents with each other before specifying.

COVPACT FLUORESCENT LAMPS

Conpact fluorescent |anps should have a m ni mum 3-hour “on” tinme
to prevent significant loss of lanp life.

H D LI GHTI NG

Before specifying OS. to control H gh Intensity D scharge (H D
lighting, check with O S. manufacturer and H D | anp and bal | ast
manuf acturer for application data.

| N- RUSH CURRENT

In-rush current is the nonentary surge that occurs when an

el ectrical device first starts. |In-rush current can adversely
affect the relays on lighting control systens. Therefore, the in-
rush capacity of occupant sensor control devices nust be eval uated



when selecting ballasts. Fully loaded lighting circuits
retrofitted with electronic ballasts can create in-rush currents
hi gh enough to weld relay contacts and destroy occupant sensors.
Some O S. have “zero-crossing” circuitry, meaning they do not
activate until the current is at the zero point. |In-rush current
i ncreases as the total harnonic distortion (THD) decreases. Do not
specify electronic ballasts with | ess than 10 percent THD.

TIME DELAY

Failure to set OS. turn-off time to an appropriate val ue can be
annoying if lights turn on and off frequently or can be a safety
hazard when used in roons that have no w ndows. Ensure the O S
has an adequate adjustable tinme delay (30 seconds to 20 m nutes,
mnimum for the application. Initially, set delay to a long “on”
period, then adjust tine delay setting based on occupant novenent
patterns. Do not use the “instant off” feature in any
installation.

SENSOR SPECIFICATIONS

I ncl ude the follow ng informati on when specifying O S.:

Sensor Type: passive infrared, ultrasonic, dual-technol ogy,
ot her

Mounting: ceiling, wall switch replacenent, recessed,
surface, other

Coverage Pattern: w de angle, narrow, 360 degree, other
Lens Type: standard, dense, long range, other (for PIR
only)

Speci al Environnment: high humdity, high or |ow
t enperat ure, other

Quality/ Safety: specify Underwiters Laboratories (UL)
[isting

Time Delay: 30 seconds to 20 m nutes m ni num adj ustabl e
| nput Vol tage: 120V, 277V, other

Adj ust abl e Frequency: for nultiple ultrasonic OS. in sane
area only

Manual Override and Manual on-off
INFORMATION ON PROJECT DRAWINGS

For projects with many sensors and many different sized coverage
areas, include occupant sensor schedul e and coverage patterns on



drawi ngs. Schedul e shoul d i nclude sensor type, description,
coverage, and applicable notes. Coverage patterns should be drawn
to scale.

NATIONAL ELECTRICAL CODE (NEC) REQUIREMENTS

The 1996 NEC has specific requirenents related to the installation

of occupant sensors. Section 110-16 states that illumnation in
el ectrical equipnent roons “shall not be controlled by automatic
means only.” Be sure to include manual overrides for O S.

installed in electrical roonms. Section 210-70 permts the control
of lighting outlets by OS. in dwellings as long as there is
manual override capability or separate wall switch. See NEC
Handbook for details.

OCCUPANT SENSOR ETIQUETTE

| ssue nenp to personnel and post signs for visitors indicating the
presence of O S. and rem ndi ng everyone that |ights off does not
necessarily nmean that the office is closed or that sonmeone is not
at work that day.

DAYLIGHTING AND DIMMING COMPATIBILITY

Cccupant sensing may be coupled with daylighting sensors to
provi de further energy savings. For fluorescent |ighting control,
be sure that conpatible dimmng ballasts are specified for correct

i ght output adjustnment by daylighting sensors. It is preferable
for the | anp, dimm ng ballast, daylighting sensor, and occupant
sensor to be “systemrated’” — that is, designed and certified by

their manufacturers to performeffectively together. The E Source
el ectroni c encycl opedi a has a daylighting design section. The
Whol e Buil di ng Design CGuide has a resource page on daylighting.

OCCUPANT SENSORS FOR HVAC CONTROL

Anot her recent breakthrough has occurred in the control of heating
and air conditioning in roons wth individual thernostats.

Systens are on the market that incorporate sophisticated occupant

sensors conbi ned with door contacts to ensure heating or air

condi tioning equi pnment is not operating in unoccupied roons. They
have several |evels of tenperature setback depending on the |ength
of time the roomis unoccupied. They include humdity sensors so



that cooling is provided to control humdity. These systens have
been used successfully in Arny, Air Force and Navy installations,
such as barracks, bachelor quarters, Navy Lodges, and the Arned
Forces Recreation Center at Disney Wrld. Conference roons and

cl assroons are al so good candidates for this energy saving system
They are suitable for retrofit or new construction. Be certain

t he equi pnment supplied is designed as a package, not just a bunch
of individual conponents thrown together by a contractor or
supplier that don’t have proven performance as a system

HOW TO CHOOSE A QUALITY UNIT

To ensure you or your contractor are installing quality O S.
designed to performthe required functions, be sure the sensor

is Underwiters Laboratory (UL) listed

catal og data includes all the information indicated in your
sensor specification

is conpatible with the lanps and ballasts used on the

proj ect

is conpatible with daylighting and dimm ng controls, if
they are included in the project

is designed for the environnent in which it is to be used

Finally, look for an extended warranty (up to 5 years) as a sign
of a quality product backed by a reputabl e manufacturer

NEW LIGHTING PRODUCTS COMING SOON

The 30 mMm by 28 mm size is energing as the new standard for both
one- and two-|lanp ballasts with maj or European manufacturers.
Moving to this size for T8, T5 and 36, 40, and 55 watt tw n tube
CFL bal |l asts.

Sone CFL ballasts will double as a | anphol der, reducing the
wiring in the lumnaire and elimnating separate |anphol ders.
Ball asts will be available for the full line of T5 | anps.
Dimabl e ballasts will take at |east another year to show up,
because | anp specifications were not ready until recently.

Lum nai re manufacturers will offer products that incorporate

si npl e phot osensors that connect directly to the ball ast.

By the year 2000, several manufacturers are likely to include a
standardi zed digital port in their dinmmng ballasts.



More ballasts with | ower total harnonic distortion (THD) and
i nproved power factor are becom ng avail abl e.

Dinming el ectronic ballasts offering daylight and notion
detection as well as infrared control.

Expanded |ines of |ow nercury |anps.

T5 lum naires to becone standard in the U S
New trimlumnaire styles for T2 and T5 | anps.
More fiber optic lighting systens.
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